ABSTRACT The Ca2+-stimulated release of cortical vesicle (cortical granule) contents from the cell surface complex (CSC) of the sea urchin egg is an in vitro model for exocytosis. To gain insight into the molecular mechanism of exocytosis we investigated the sensitivity of this model to sulfhydryl modification and proteolytic digestion. Our findings include the following: (a) Proteolytic treatment with trypsin or pronase of CSC prepared from the eggs of StrongyIocentrotus purpuratus increased the free Ca 2+ concentration required to elicit exocytosis. Although a small increase in the Ca 2+ threshold was detected after mild proteolysis, high concentrations of trypsin (0.5 mg/ml) and prolonged incubation (3 h) were required to render the CSC unresponsive to high concentrations of Ca 2+ (0.5 raM). Despite the severity of the proteolytic digestions required to inactivate the CSC, the individual cortical vesicles remained intact, as gauged by the latency of ovoperoxidase, a cortical vesicle enzyme. (b) As previously shown (Haggerty, J. C., and R. C. Jackson, 1983, J. Biol. Chem. 258:1819-1825), cortical exocytosis can be blocked by sulfhydryl-modifying reagents such as N-ethylmaleimide (NEM). in this report we demonstrate that NEM inhibits by increasing the Ca 2+ threshold required for exocytosis. When CSC that had been completely inactivated by NEM modification was briefly digested, on ice, with a low concentration of trypsin (or several other proteases), exocytotic activity was restored. Although the Ca 2+ threshold of the reactivated CSC was slightly higher than that of untreated CSC, it was nearly identical to that of control CSC, which was trypsinized but not treated with NEM. We discuss the significance of these results with regard to the molecular mechanism of exocytosis.
Cell surface complex (CSC) ~ prepared from the eggs of the sea urchin Strongylcocentrotus purpuratus is comprised of the vitelline layer, the plasma membrane and attached cortical secretory vesicles (CVs), also referred to as cortical granules (1) . In response to physiologically relevant concentrations of free Ca 2+ the CSC undergoes a reaction that morphologically approximates exocytosis (2) (3) (4) . This response can be followed microscopically (2) (3) (4) (5) , enzymatically (6, 7), and turbidimetAbbreviations used in this paper: CSC, cell surface complex; CV, cortical vesicle; DFP, diisopropylfluorophosphate; NEM, N-ethylmaleimide; PKME, buffer made with PIPES, KCI, MgCI2, and EGTA; SBT1, soybean trypsin inhibitor.
rically (6, 8) . Recent investigations have shown that exocytosis in this in vitro model system can be inhibited by phenothiazine drugs (6, 7, 9) and by sulfhydryl-modifying reagents such as N-ethylmaleimide (NEM; reference 6). Inhibition by sulfhydryl-modifying reagents suggested that proteinaceous elements of the CSC were required for cortical exocytosis and prompted us to investigate the effect of proteolytic digestion of CSC and NEM-inhibited CSC on cortical exocytosis. We show that cortical exocytosis can be completely inhibited by prolonged proteolytic digestion. We also demonstrate that activity can be restored in NEM-inactivated CSC by mild proteolytic digestion. Preliminary results of this work have been published in abstract form (10) .
MATERIALS AND METHODS

Preparation of CSC: S. purpuratus were maintained at 12-15"C in
Instant Ocean artificial seawater and spawned by intracoelomic injection of 0.5 M KCI. CSC was prepared from eggs that had been dejellied by two washes with 502 mM NaCI, 10 mM KC1, 2.5 mM NaHCO~, 25 mM EGTA, pH 8.0. The eggs were washed once more with 50 mM piperazine-N,N'-bis(2-ethanesulfonic acid) (PIPES), 425 mM KCI, 25 mM EGTA, oH 6.8, and resuspended in this buffer for homogenization. Subsequent steps performed were as previously described (6) except that protease inhibitors were not included and 50 m/~l PIPES (pK, 6.8) replaced 50 mM HEPES (N-2-hydroxyethyl piperazine-N'-2--etbanesulfonic acid, pK, 7.5) in all buffers.
Inactivation of CSC by Sulfhydryl Modification: CSC was inactivated by reaction with NEM as follows: enough NEM (100-200 mM in 0.5 M KCI) to achieve the desired reagent concentration was added to aliquots of the concentrated stock CSC suspension (A40o ~ 20) in PKME buffer (50 mM PIPES, 425 mM KCI, 10 mM MgCI2, 10 mM EGTA, oH 6.8) and allowed to react at 20-21°C. After the desired incubation period, the reaction mixtures were assayed for cortical exocytosis or were cooled by immersion in an ice bath for 5 rain, treated with protease as specified, and then assayed for cortical exocytosis by the turbidimetric or peroxidase latency assays.
Assays for Cortical Exocytosis:
We performed turbidity assays essentially as previously described (6). In brief, 50 ~1 ofa CSC suspension was diluted into 950 ~1 of PKME buffer containing the desired concentration of CaCI2 in a 1.5 ml semimicro disposable cuvette (Fisher Scientific Co., Allied Corp., Pittsburgh, PA). After 10 min at room temperature (approximately 22"C) the absorbance at 400 nm was determined with a Zeiss MQ-II or MQ-III speetrophotometer. In Figs. 1, 2, 3A, 4, and 5A the ordinate, -g A/Mo0, represents the change in turbidity as that fraction of the total turbidity in PKME buffer without CaCI2. This normalized values for the gradual increase in absorbance due to decreased CSC size that occurred during prolonged incubations, and for the different initial absorbances of different preparations. In one experiment (Fig. 3A ) we used a variation in the turbidimetric procedure. CSC in PKME (50 ul) was added to cuvettes containing 940-ul of PKM~ 5E1.5 (50 mM Pipes, 451 mM KCI, 1.58 mM MgCI2, 1.58 mM EGTA, pH 6.9). The A,mo of this suspension was determined and 10 ul of a solution containing 250 mM CaCI2 in PKM~.sE~.5 was added to each cuvette. The final composition of the solution was 50 mM PIPES, 450 mM KCI, 2 mM MgCI:, 2 mM EGTA, 2.5 mM CaCI2, pH 6.75. The final free Ca 2÷ concentration at pH 6.75 was 0.5 raM. After l0 rain of incubation at room temperature the cuvette was remixed by inversion and the absorbance at 400 nm determined. The results of another experiment, in which CSC that had been treated as in Fig. 3A but assayed by the usual turbidimetric procedure, agreed closely with those of Fig. 3A .
We performed peroxidase latency assays either by the previously described trichloroacetic acid precipitation procedure (6) or by a new rapid filtration procedure. In brief, 25 ~1 CSC suspension (A,~ -20) was diluted into 475 ul PKME buffer (pH 6.8) containing the desired concentration of CaCI2. After 5 min of incubation at 20"C, 500 #1 of 50 raM Tris-HCl, 450 mM KCI, 10 mM MgCI2, 10 mM EGTA, pH 8.7, containing 12 uCi/ml of [t2Sl]iodide was added to bring the final pH of the solution to 8.0. lodination was initiated by the addition of 5 ul of 2.2 mM H20: in 0.5 M KCI and terminated 10 min later by the addition of 10 ~,1 of 1.0 M dithiothreitol. In most experiments J2~l-labeled CSC from the peroxidase latency assay was collected by the rapid filtration procedure. Duplicate 200-ul aliquots of the assay mixture were filtered through 2.4 cm GF/A glass fiber filters on a filter box (Hoefer Scientific Instruments, San Francisco, CA) set to draw a vacuum of 15 in. of mercury. Filters were washed four times with 5.0-ml aliquots of 0.5 M KC1 and counted in a Beckman 4000 -r-counter (Beckman Instruments Inc., Palo Alto, CA). Control experiments showed that the counts per minute trapped in the filters depended upon the addition of CaC12 and H202, was linearly proportional to protein in the assay, and comprised 67% of the trichloroacetic acid-precipitable counts per minute. In experiments where sodium deoxycholate was usea to The effect of mild tryptic digestion on cortical exocytosis. In A, CSC was incubated, on ice, with (--(3---) or without (----0---) 50 a.g/ml of trypsin. At the indicated times, CSC from both samples was assayed by the turbidimetric procedure at a final free Ca 2+ concentration of 12 #M. Trypsin was inhibited by the inclusion of 50/~g/ml of SBTI in all assay buffers. Each data point is the mean of three determinations with an average deviation _~ 0.05, except where indicated by error bars. In B, the effect of mild trypsin digestion on the Ca 2+ threshold required for cortical exocytosis was investigated. CSC (A400 = 20.4) was incubated for 45 rain, on ice, with 0 6--0--), 50 (---O---), 100 (--E3--), or 250/~gJml (--A--) of trypsin. Tryptic digestion was stopped by the addition of SBTI to a final concentration of 500 #g/ml and the CSC was assayed, in triplicate, by the turbidimetric procedure. In addition to the SBTI added directly to the concentrated CSC suspension all assay buffers contained 25 #g/ml of SBTI. As a control (curve C, ---I---) enough trypsin and SBTI to achieve final concentrations of 250 and 500 v.gJml, respectively, were premixed and added to untreated CSC just before assay. Average deviations ranged from 0.013 to 0.084 with a mean of 0.038. disrupt CVs, we used the more laborious trichloroacetic acid precipitation procedure (6) to collect ~2Sl-labeled CSC.
Other Procedures: We prepared diisopropylfluorophosphate (DFP)-inactivated trypsin by reacting l0 mg/ml trypsin in 50 mM Tris-HCl, pH 7.5, with 7.5 mM DFP (added from a 150 mM stock solution in isopropanol) for 2 h at 20-2 I°C. The DFP-trypsin was dialyzed overnight against PKME buffer. The tosylarginine-O-methyl ester (-TAME) hydrolase activity (11) of the DFP trypsin prepared by this procedure was <0.1% of the uninhibited control. Protein was determined by the Coomassie Blue G-250 method (12) using bovine serum albumin as a standard. Ca2+-EGTA buffers were prepared from a 2x stock of PKME and 4.0 M CaCI2. Each solution was individually titrated to pH 6.8 with KOH. We calculated free-Ca z+ concentrations by an iterative procedure with a computer program written by Dr. P. D. Chantler (Brandeis University) (13) using the following logarithmic association constants for metals and H + to EGTA: H + to EGTA 4-, 9.46: H + to HEGTA 3-, 8.85; H + to H2 EGTA 2+, 2.68: H + to H3 EGTA ~-, 2.0; Ca 2+ to EGTA 4-, 11.0; Ca 2+ to HEGTA 3-, 5.33; Mg 2+ to EGTA 4-, 5.21; Mg 2+ to HEGTA 3-, 3.37 (14) . 
Materials: S. purpuratus was purchased from
RESULTS
Proteolytic Inactivation of Cortical Exocytosis
Since the cytoplasmic surface of CSC is accessible to the medium, this preparation provides a unique opportunity to investigate the effects of membrane impermeant, proteinspecific reagents, such as proteases, on exocytosis. As shown in Fig. IA , cortical exocytosis at 12 tzM free Ca 2+ was completely inhibited by digestion of CSC for 2 h on ice with 50 ~g/ml of trypsin. DFP-inactivated trypsin was not inhibitory 8 THf JOURNAL OF CELL BIOLOGY -VOLUME 101, 1985 under these conditions (data not shown). Fig. 1 B shows that the threshold Ca 2÷ concentration required for exocytosis is related to the extent of tryptic digestion. In this experiment CSC was treated wtih 0, 50, 100, or 250 ug/ml of trypsin for 45 min on ice. Tryptic digestion was stopped with SBTI and cortical exocytosis was tested at the indicated free Ca 2÷ concentrations. As the severity of the tryptic digestion increased, the threshold free Ca 2÷ concentration required for exocytosis was progressively shifted to higher values. The only morphological change detected by phase contrast microscopy after mild tryptic digestions such as those of decrease in the size of the CSC fragments. There was no significant accumulation of free CVs.
The data presented in Fig. 2A show that the threshold Ca 2+ concentration required for exocytosis is not altered by the incubation conditions used in Fig. 1 . The Ca 2+ concentration required for half-maximal reaction of freshly prepared CSC (4.5"t~M) 2 remained unchanged during 4 h of incubation on ice. After prolonged incubation (22.75 h), the free Ca 2+ concentration required for half-maximal reaction increased to 43 #M. This time-dependent increase in the Ca 2÷ threshold occurred more rapidly at 20"C; however, even after 7 h of storage at 20"C the CSC could be maximally stimulated by 0.47 mM free Ca 2+. Note that the time-dependent inactivation process that we observed in our CSC preparations is much slower than the rapid "autoinactivation" of cortical lawn preparations (3, 7). Recent results from this laboratory (16) demonstrate that the rapid "autoinactivation" of cortical lawn preparations can be attributed to the inhibitory action of the polycationic substances (polylysine or protamine) used to affix the cortical lawns to their coverslip or petri dish.
Since relatively mild tryptic digestion had no effect on exocytosis at millimolar free Ca 2÷ levels ( Fig. 1) we increased the severity of the digestion conditions. Fig. 3A shows that a CSC suspension slowly lost its ability to respond to 0.5 mM free Ca 2÷ when treated with 0.5 mg/ml of trypsin at 20-21°C. At this concentration of trypsin (a 1:3 ratio of trypsin to endogenous CSC protein in this experiment) the CSC was >90% Ca 2÷ insensitive by 3 h of digestion, whereas CSC incubated simultaneously without trypsin maintained its Ca 2÷ sensitivity to 0.5 mM Ca 2÷ for the entire 8 h of incubation (Fig. 3A) . In a control experiment (data not shown) CSC treated with DFP-inactivated trypsin responded identically to untreated CSC, maintaining its sensitivity to Ca 2+ over I0 h of incubation, whereas trypsin-treated CSC was inactive after 3 h. Therefore, it was the proteolytic activity of the trypsin rather than a possible contaminant that was responsible for the observed loss of exocytotic ability. CSC was also inactivated by pronase digestion, which, like trypsin digestion, resulted in a progressive shift to higher Ca 2+ thresholds (data not shown).
Due to the severity of the proteotytic digestions required to inactivate CSC, it became important to determine whether the integrity of individual CVs was maintained during prolonged incubation. During an 8 h incubation with trypsin the 2 The lower free Ca 2÷ value for half-maximal reaction that we previously reported (6) was the result of inadequately buffered CaCI2 solutions. . Tryptic digestion was terminated by the addition of SBTI to a final concentration of 476 ~.g/ml and samples were assayed in triplicate by the peroxidase latency procedure. Filled bars represent samples which were diluted into PKME buffer containing 50/~g/ml SBTI (no CaCI2). Open bars represent samples that were diluted into PKME buffer containing 50/~g/ml SBTI and 12 mM CaCI2 (1.4 mM final free Ca2*). Average deviations were <1,000 cpm except where indicated by error bars. N, NEM modified samples. T, trypsintreated samples. U, the untreated control samples.
morphology of individual CSC fragments as viewed by phasecontrast microscopy changed from large, nearly egg sized, fragments to what appeared to be individual CVs. The morphology of CSC in a control suspension broke down from large to relatively small fragments, but we observed few free CVs (data not shown). To gauge the integrity of the CVs, we assayed the latency of ovoperoxidase, a CV enzyme (17, 18) , in the presence and absence of 0.5 mM free Ca 2÷ or 0.3% sodium deoxycholate (Fig. 3 B) . With control CSC the level of iodine incorporation induced by 0.5 mM free Ca z+ was almost identical to that produced by deoxycholate disruption both initially (Fig. 3B, columns 2 and 3) and after 8 h of incubation (Fig. 3B, columns 8 and 9 ). Trypsin digestion (indicated by a T in Fig. 3B ) completely abolished Ca 2+-induced [J2sI]iodine incorporation (Fig. 3, column 11) without decreasing the deoxycholate induced iodine incorporation (Fig. 4, column 12 ). This result confirmed the turbidity data presented above and demonstrated that after prolonged incubation with a substantial concentration of trypsin the bulk of the CVs remained intact. Hence, tryptic inactivation of cortical exoxytosis occurred without permeabilizing the CV membrane or destroying CV contents.
NEM Modification Increases the Threshold Ca ~+ Concentration Required for Exocy'tosis
We previously showed that the sulfhydryl-modifying reagent NEM inhibits exocytosis in CSC prepared from the eggs of S. purpuratus (6). Fig. 4 demonstrates that NEM, like trypsin, inhibits by progressively shifting the Ca 2÷ threshold to higher free Ca 2+ concentrations. In this experiment CSC was treated for 30 min at 20-21°C with 0, 0.1, 1.0, 5.0, or 10.0 mM NEM and then tested for cortical exocytosis by the turbidimetric assay. Under these conditions, 5 to 10 mM NEM was required to inhibit the response of CSC to millimolar levels of free Ca 2÷, whereas rower concentrations of NEM were effectively inhibitory when assayed at submillimolar free Ca 2÷. Comparison of the control sample that had been incubated at 20°C for 30 min (curve 0.0) with the sample that had remained on ice (curve I) illustrates the small extent of inactivation of the CSC that occurred during the 30-min incubation at 20°C. CSC morphology, as assessed by phasecontrast microscopy, was not altered by the NEM modification conditions used in this experiment. The size of the CSC fragments was similar to those in an untreated control sample, and the CVs were not released from the plasma membrane.
Mild Protease Digestion Restores Ca z+ Sensitivity to NEM-inactivated CSC
Since proteins are the primary target of sulfhydryl-modifying reagents, we sought to relate the proteolysis results presented above to our NEM inactivation results. Specifically, we were interested in whether the observed proteolytic inactivation could be due to digestion of a sulfhydryl-containing protein. However, to our surprise, we discovered that mild proteolysis could restore activity to NEM-modified CSC.
The results of a typical reactivation experiment are shown in Fig. 5A . In this experiment CSC that had been treated for 30 min at 20°C, either with or without l0 mM NEM, was digested with 15 or 50 ug/ml of trypsin for 15 min on ice and assayed for exocytosis at the indicated free Ca 2+ concentrations. In Fig. 5A , curve N illustrates that the NEM-modificaLion effectively inhibited cortical exocytosis. Curve C represents the control sample that was incubated for 30 rain at 
with curve N demonstrates that mild trypsinization could restore exocytotic activity to NEM-inhibited CSC. The Ca 2÷ threshold of the reactivated CSC depended on the digestion conditions. Digestion of NEM-inhibited CSC with 50 ug/ ml of trypsin for 15 min on ice (Fig. 5A , curve NTso) restored the reactivated CSC to nearly the same Ca 2+ threshold as control CSC that had been treated with trypsin only (Fig. 5A , curve Tso). Digestion with 15/~g/ml trypsin was not as effective in this respect (compare curves NT~5 and T~s, Fig. 5A ).
In a control experiment. NEM-modified CSC, which had been incubated for 15 min on ice with no additions, or with 50/~g/ml trypsin or 50 ug/ml DFP-inactivated trypsin, was tested for exocytosis. The trypsin digested sample was reactivated, as in Fig. 5A , whereas the untreated and DFP-trypsin treated samples were inactive throughout the entire range of free Ca 2÷ concentrations tested (data not shown). The ability of trypsin to reactivate NEM-modified CSC was confirmed with the peroxidase latency assay. The level of iodine incorporated into control and trypsin reactivated CSC was nearly identical when assayed with 1.4 mM free Ca 2+ (Fig. 5B) . Phase-contrast microscopy of trypsin reactivated CSC revealed that trypsin digestion decreased the size of the CSC fragments but did not release CVs from the plasma membrane.
In addition to its ability to reactivate NEM-modified CSC, trypsin was able to restore activity to CSC that had been inhibited with 6,6'-dithionicotinic acid; 5,5'-dithiobis (2-nitrobenzoic acid); or sodium tetrathionate; and other proteases (pronase, chymotrypsin, and subtilisin) were able to restore the ability of NEM-modified CSC to respond to 0.46 mM free Ca 2+ (data not shown).
DISCUSSION
Inhibition of cortical exocytosis by NEM modification (Fig.  4) or by trypsin digestion (Figs. 1 and 3 ) strongly suggests that proteinaceous elements are involved in the exocytotic process. The mode of inhibition by trypsin and NEM is noteworthy. Under mild conditions, both NEM (Fig. 4) and trypsin (Fig.  I) inhibit cortical exocytosis by increasing the threshold free Ca 2+ concentration required for exocytosis, without affecting the magnitude of the response at higher Ca 2+ concentrations. When the NEM modification or trypsin digestion conditions are more severe, exocytosis is blocked even at high Ca 2+ concentrations (Figs. 3 and 4) .
This mode of inactivation suggests that the protein(s) and sulfhydryl group(s) responsible for inhibition are involved in the mechanism that imparts micromolar Ca z+ sensitivity to the exocytotic apparatus. It also suggests that inactivation is not a single-hit phenomenon, in which each hit completely inactivates a single exocytotic unit (presumably a CV). If inactivation were a single hit phenomenon, it should proceed by a decrease in the magnitude of exocytosis, with no change in the Ca 2+ threshold. The observed mode of inactivation suggests that each exocytotic unit (or CV) must be modified several times before it is rendered totally inactive. At the molecular level this implies that only a small fraction of the total number of Ca:+-sensitizing proteins of each exocytotic unit are required for exocytosis. Inactivation of a fraction of the total number of Ca2+-sensitizing proteins increases the proportion of active Ca2+-sensitizing proteins that must be recruited to promote exocytosis, The net result is an increase in the Ca 2+ threshold without a concomitant decrease in the magnitude of exocytosis at high Ca 2+ concentrations. There are two significant aspects of this observation. First, it indicates that there are many copies of the target protein per CV (an important consideration for investigators interested in identifying and purifying this component), and, second, it suggests a convenient mechanism by which the Ca 2+ sensitivity of the exocytotic apparatus may be modulated (i.e., by altering the fraction of active proteins per vesicle, perhaps through a reversible covalent modification such as phosphorylation).
These observations are consistent with the recent report by Sasaki (19) that cortical lawns prepared from the eggs of
Hemicentrotus pulcherrimus
contain a KCi-extractable proteinaceous factor that is required for exocytosis at micromolar free Ca 2+ concentrations (the sensitivity of this factor to NEM modification was not determined). Although the Ca 2÷ threshold of CSC prepared from S. purpuratus eggs was not altered by brief extraction with KCI, (Jackson, R. C., unpublished observation), the fact that trypsin shifts the Ca 2+ threshold to higher values suggests that a proteinaceous element(s) confers micromolar Ca 2+ sensitivity in this species as well.
We have demonstrated that cortical exocytosis can be inhibited by pretreating CSC with a variety of sulfhydryl-modifying reagents (6). and have shown that NEM treated eggs are exocytotically incompetent, i.e., they fail to raise fertilization envelopes when incubated with Ca 2+ ionophore (A23 187) in Ca2+-containing seawater (Jackson, R. C., and K. Ward, unpublished results). These results raised the possibility that an essential sulfhydryl group may be required for exocytosis. Recent reports that the Ca 2÷ stimulated exocytotic release of catecholamines from adrenal chromaffin cells that had been permeabilized by electric shock or digitonin treatment is also inhibited by NEM (20, 21) , suggests that our observations may not be unique to invertebrate exocytosis.
Insight into the role of sulfhydryls in cortical exocytosis is provided by the observation that NEM-inactivated CSC can be reactivated by mild proteolysis (Fig. 5) . The Ca 2+ threshold of the reactivated CSC depends on the degree of proteolytic digestion but under optimal conditions approaches that of control CSC (Fig. 5A) . These results may be interpreted in at least two ways: (a) a sulfhydryl-dependent, NEM-sensitive step that can be mimiced or circumvented by mild proteolysis is required for cortical exocytosis; or (b) the sulfhydryl group(s) is not itself required for exocytosis, but its modification by NEM renders it inhibitory due to steric interference with the exocytotic reaction. Mild tryptic digestion could restore exocytotic activity to NEM-treated CSC by removing this putative NEM-modified inhibitory domain. The second interpretation is interesting, because it is quite possible that the protein that bears the inhibitory domain is a functional element of the exocytotic machinery. The possibility that proteolysis mimics the NEM-sensitive element (presumably a Ca2÷-activated sulfhydryl protease) seems unlikely since several unrelated proteases (trypsin, chymotrypsin, pronase, and subtilisin) can reactivate NEM-modified CSC, and since cortical exocytosis is not inhibited by a variety of protease inhibitors, including 1,10-o-phenanthroline, leupeptin, pepstatin, DFP, antipain, and Ep-475 (Jackson, R. C., and K. Ward, unpublished results).
Although these results suggest that trypsin does not mimic an endogenous CSC protease, we have not ruled out the possibility that proteolytic digestion may nonspecifically circumvent a required step. For instance, proteolysis may nonspecifically reactivate an NEM-inhibitable CSC enzyme that is required for exocytosis and normally activated by micromolar free Ca 2÷. Precedents for the nonspecific proteolytic activation of enzymes are available. In fact, many calmodulin regulated enzymes, e.g., myosin light chain kinase (22) , cyclic nucleotide phosphodiesterase (23) , and calcineurin (24) , can be activated and rendered independent of Ca 2÷ by the nonspecific proteolytic digestion of their calmodulin binding domains. Though it is not regulated by calmodulin, protein kinase C is another Ca2+-requiring enzyme that can be nonspecifcally activated by mild proteolysis (25) and is potentially relevant to exocytosis.
